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Abstract 
In this paper, it was simplified that the heating system of thermal mass in solar membrane distillation and it was 
established that the physical model of heat transfer installed the guide plate in the all-glass thermal solar membrane 
distillation system. The model included the all-glass solar heat collector system and the hot chamber of membrane 
distillation system. In this paper, it was constructed that the coupling integration points between the two parts and 
reached setting methods for coupled boundary conditions and unsteady-state flow. It was established that an unsteady 
three-dimensional CFD model for solar membrane distillation system and drawn solution and ideas and reached the 
variation law of fluid temperature and flow rate in outlet of fluid connection changes in solar collector system. It was 
calculated that the coupling model of hot chamber in membrane distillation and obtained the variation law between 
non-steady-state flux and solar radiation intensity and laid the foundation for coupling utilization of solar energy with 
membrane distillation. 
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4. Introduction 
Solar membrane distillation system connected membrane distillation and solar energy is a technology 
for brackish water or seawater desalination, it has better social and economical benefits to solve the 
problem of fresh water system established with solar-powered membrane distillation system, particularly 
in the regions such as western regions and islands and coastal saline areas that are lack of freshwater 
resources and the solar energy resource is rich [1] It is the main current problems of solar membrane 
distillation system to improve the membrane flux and make efficient use of solar energy, it is also said 
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that the problem is to couple solar thermal PV systems with membrane distillation system and optimal 
design[2]. In this paper, the problem was solved by optimizing the system of solar collector and 
strengthening heat transfer and coupling the simulation of membrane distillation.  
2. Hysical model and simplification 
2.1 Model of solar membrane distillation system 
The system of solar collectors and the membrane distillation were simplified to facilitate the 
calculation, the specific simplification as follows: 
The solar collector system and its simplification: The solar thermal PV systems were used in whole 
system, the evacuated tube solar collectors installed with guiding plate was used in heating collector 
system, the mass flew from heat exchanger outlet in refrigerant back of solar panels worked as inlet mass 
to solar vacuum collector, the thermal mass that was heated by the evacuated tube solar collectors flew 
directly into inlet tube of hot chamber membrane distillation system, the influence of thermal parameters 
in the membrane distillation system was studied by the variation of the solar radiation without water tanks 
and water bath with the control of thermostatic. 
Membrane distillation system: It was used in this system that the second generation of rotary tangential 
inflow for heat capacity in cavity membrane; 
2.2 The model of solar heating system and simplification 
The mass which flew out of heat exchanger installed on the back of solar photovoltaic cells entered 
into the inlet union of cold water in the all-glass evacuated tube collector which was installed with 
guiding plate, and then it entered into the vacuum circular flow by the way of half tube under the guiding 
plate in the single evacuated tube, the mass absorbing the solar radiation on the half-pipe heat flew into 
the pipe union of hot water in collector, the mass entered into tube inlet of hot chamber membrane 
distillation through the pipe union of hot water in collector and completed a continuous loop for thermal 
mass flow.  
The influence regulation for flow field in the heat cavity of the membrane distillation were 
investigated according to the outdoor conditions of solar radiation and collector inlet temperature and 
thermal mass flow and other change factors. The following assumptions were made to simplify the 
calculations:The upside wall surface of evacuated tube was heated evenly, the thermal mass absorbing 
solar radiation were heated and flew into the pipe union along the upside wall surface of guiding plate 
toward sun. The temperature and flow rate of the thermal mass changed with solar radiation intensity and 
time;The cold mass in the pipe union flew into collector tube along the downside wall of the guiding plate, 
the mass was provided by heat exchanger installed on the back of the solar photovoltaic cells, it was 
assumed that the import of mass flow and temperature were constant values in order to simplify the 
calculation; 
2.3 The hot chamber model of membrane distillation 
It was assumed that the parameters of each tube for import and export were identical because the 
structural parameters of each tube were identical; 
It was assumed that the union tube of collector connected with the tube inlet of hot chamber, it was 
included that they were in the same diameter and was ignored the impaction of pipe materials and the wall 
was adiabatic and the three import parameters of tube inlet were of the same. It was ignored that the 
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influence was caused by heat transfer and flow of union tube length between the two adjacent collector 
tubes. The membrane plane was set to solid wall conditions to simulate the temperature and flow field that 
around the membrane surface. 
3. Boundary conditions and solving 
3.1 The boundary of solar heating system 
This paper makes up boundary conditions of hot chamber in solar membrane distillation adapt to 
rotary tangential inflow based on experimental data of the subject and previous theoretical simulation. 
Heat transfer in evacuated tube caused by the thermal conductivity was small relative to the radiation 
heat transfer, and it was not large to the impaction of heat transfer after the water heater installed with 
guiding plate, so the guiding plate was regarded as wall insulation and ignored the heat transfer. The 
corresponding boundary conditions were: 
Initial conditions: u = 0, v = 0, w = 0, T0 = 293K;  
All of the solid wall (no slip boundary): u = 0, v = 0, w = 0; 
Thermal boundary in the internal tube coating: Coupled thermal boundary was selected to receive solar 
radiation what intensity was the heat flow varied with time in the actual irradiation conditions, the internal 
glass tube and the coating thickness were set to 1.5mm, as we calculated, the solar radiation converted 
into internal heat source of the coating varied with the solar radiation intensity of one day, heat flow was 
defined as the source of UDF functions and added to the thermal boundary of internal glass coating, the 
radiation heat transfer of the outer was set on outside wall boundary; 
Thermal boundary of outer wall: Set thermal boundary as mixed convection and radiation hybrid, the 
surface emission rate was 0.06, the outside glass thickness was 1.5mm, the heat transfer coefficient was 
0.08, environment temperature was Ta; 
The wall tank was the heat transfer boundary of convection;  
The inlet conditions of collector was set by the boundary condition of speed inlet. It was assumed that 
the mass flew from heat exchanger outlet installed on the back of photovoltaic solar cells was the steady 
flow and the entrance parameters of single tube were in the same;  
The collector adopted the export rate of outlet boundary conditions and calculated by CFD models. 
3.2 The boundary conditions of hot chamber in membrane distillation  
The inlet conditions of hot chamber in membrane distillation was in the same of inlet boundary 
conditions, the entrance area of the membrane distillation was cylindrical, the hydraulic mass flew into 
the membrane distillation in vertical, inlet pressure was approximately normal atmospheric pressure. The 
parameters that needed to be known included the inlet fluid velocity u of three entrances and inlet 
temperature T and static pressure P and the turbulent intensity I and hydraulic diameter D. 
Because the large number of experimental data showed that the flux was only 0.5% of the total import 
flow, it was ignored that the quality of mass transfer because the membrane deformation was small, 
therefore the elastic of membrane was ignored and the membrane surface was treated as a solid wall. Heat 
transfer at the membrane surface was extremely complex, heat transfer included latent heat of 
vaporization in membrane surface and the heat flux of distillation and heat conduction and so on, this 
paper simplified the all heat conduction process as heat energy lost based on energy conservation. That 
was the heat equation [4]: 
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In this equation, Q was the heat flux, m was the mass flow rate, cp was the specific heat capacity, Th 
was the inlet temperature, T0 was the outlet temperature, A was the area of membrane surface.  
It was added the mass flow rate of fluid that tracked in the calculation of the solar heating system and 
calculated the parameters of temperature T for real-time tracking and used the user-defined function 
UDFs to write the heat source term of heat loss depended on time to the heat flux boundary conditions of 
membrane surface. 
It was set that a certain atmospheric pressure at tube inlet and gravity was -9.81m/s2and the 
environment temperature was 20 ć, the import mass was hot water that was provided by the heating 
system of solar evacuated tubes, the membrane materials was the organic glass .  
3.3 Solution 
Because the system structure was complex, this paper divided the simulated calculation for solar 
membrane distillation system into two parts, it included solar collector systems and hot chamber of 
membrane distillation. The calculation of   inlet boundary for Solar collector system was the lower 
entrance of guiding plate for vacuum tube, the exit boundary was the outlet of the collector connection. 
The calculation of inlet boundary for hot chamber in membrane distillation was the inlet boundary of the 
import water tube, the outlet boundary was the outlet boundary of export water tube, the coupling point of 
the calculation was the outlet of collector connection and the inlet of import water tube. Calculation of 
solar collection system consistent with the earlier, the hot chamber calculation of membrane distillation 
used separation method to discrete the control equations, it was selected that the SIMPLE algorithm for 
pressure-velocity coupling and momentum and energy equation and turbulent kinetic energy and selected 
second-order upwind format for turbulent kinetic energy dissipation rate[5]. 
4. Results of calculation 
4.1 Solar collector system  
The evacuated tube of collector was in the parallel connection, it was assumed that all pipes were in 
the same of structure and heating conditions, it was shown in figure 1 that the vary curve of outlet 
temperature changed with the intensity of solar radiation, it could be concluded that the outlet temperature 
0f collector increased from the 35 ćof beginning to the  64 ćwith the increasing of solar radiation 
intensity, the increase rate of outlet temperature decreased with the afternoon intensity of solar radiation 
weakened, when the temperature reached the 69 ć of maximum, the outlet temperature of collector 
started to drop and the temperature dropped to 59 ćat three in the afternoon according to the strength of 
the solar radiation continued to reduce. 
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Figure 1. Temperature changes 
4.2 The temperature field of membrane surface and thermal cavity 
It was shown in Figure 1 that the vary curve for temperature of membrane surface and outlet in thermal 
cavity return water tube, it could be concluded that the outlet temperature of return water tube was 
slightly higher than the nozzle temperature, the temperature of membrane surface was lower about 3 ć
than the temperature of return water, the maximum temperature of return water was 68 ć, it could be 
conclude that the return water tube of heat chamber took a lot of heat and the concentration of this  return 
water increased step by step for mass of sea water or brackish hydraulic, it can be considered that the part 
of heat should be recovery and reused from the perspective of waste heat recovery. 
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Figure 2. Temperature distribution in x = 0 of thermal chamber plane and membrane surface 
It was shown in figure 2 that the temperature distribution curve for the hot chamber face in x = 0 point 
and membrane surface, it was shown in figure 3 that the velocity distribution of nozzle surface, they were 
all at three clock in the afternoon and were all calculated with variation in solar radiation intensity from 
eight clock in the morning to three clock in the afternoon according to the curve of inlet temperature and 
velocity for thermal fluid in cylindrical nozzle membrane (Į = 30 °, ȕ = 90 °, į1 = 3mm).According to the 
experiment, it was the clockwise rotation that rotary tangential inflow in the actual flow at the membrane 
surface, the mass spin out in the way of rotation at last with radius decreased step by step, in figure 7, the 
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flow results of simulation were more consistent with the actual flow from the velocity distribution of 
simulation. 
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Figure 3. .The velocity distribution at the nozzle 
4.3 The flux of membrane distillation and solar radiation intensity  
Mass transfer process of membrane distillation was the mass transfer process of water vapor molecules 
in the hydrophobic porous membrane, the size of flux across the membrane was related to not only vapor 
pressure and flow state, but also the structure and properties of membrane materials. As the complexity of 
the mass transfer of membrane, there were different awareness in mass transfer of membrane according to 
the different researchers and thus the calculation of flux was also difference, this paper adopted the 
calculation of the most simple form proposed by Drioli [6]. 
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Figure 4. the variation of membrane flux 
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Figure 5. the relationship of membrane flux and solar radiation intensity 
According to equation 2, the membrane flux of membrane distillation was related to vapor pressure 
difference on both sides and the average temperature of the membrane, it was also said that the membrane 
flux of membrane distillation was related to the membrane temperature on both sides. The temperature of 
hot side was the temperature of membrane surface, the temperature of cold side was given approximation 
values according to previous research experience in experimental. When the membrane structure was 
constant, the size of the membrane flux was mainly related to difference temperature between hot and 
cold sides of the membrane. In the practical application of solar membrane distillation system, when the 
cold working mass was constant, the size of membrane flux was mainly related to inlet temperature and 
flow rate in hot side and related with the solar heating system. When the structure of heating system was 
constant, the size of membrane flux was mainly related to solar radiation intensity, as shown in figure 4 
and figure 5. When the collector area was constant, the solar radiation intensity increased gradually with 
the beginning of 8 am, such as the area of collector was 2m2, the membrane flux increased gradually at 
WKHEHJLQQLQJRINJPKWKHVRODUUDGLDWLRQintensity began to drop after it reached the maximum, 
WKHPHPEUDQHIOX[WHQGHGWRWKHVDPHYDOXHVDQGUHDFKHGWKHPD[LPXPQXPEHURINJPÂKWKH
flux began to decrease when the intensity reduced rate of solar radiation increased in the afternoon and 
the decreased rate increased with the reducing of the solar radiation intensity. 
5. Conclusion  
A heating physical model was established for thermal mass of the all-glass solar membrane distillation 
system installed with guiding plate, which included all-glass solar heating collector system and the 
membrane distillation hot chamber in this paper and the integration points of the two coupling union was 
in the collector outlet and the pipe inlet of heat chamber, it was concluded that the coupling boundary 
conditions and the setting methods of unsteady flow, it was concluded that the vary regulation of fluid 
temperature and fluid rate for union outlet of the solar collector and the relationship between the 
membrane flux and the solar radiation intensity. It was shown that the membrane flux had been in 
increasing trend with the sun gradually increased at the beginning of 8 am; when the solar radiation 
intensity reached maximum value and began to drop, the increasing rate of membrane flux decreased and 
tended to remain unchanged, when the decreasing rate of solar radiation intensity increased in the 
afternoon, the flux began to decrease, the reducing rate of increased with the decrease of solar radiation 
intensity. 
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